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SUMMARY 


This report covers the results of 35 tests of cylindrical 
mild steel specimens under conditions of varying biaxial stress 
ratio and temperature. Behavior of test specimens is reported in 
the form of per cent elongation, per cent reduction in area, true 
and nominal fracture stresses, type of fracture, and temperature at 
fracture. Fracture data are plotted to permit derivation of the 


failure curve for the specimens tested under conditions of varving 


stress ratio and temperature. 





LN LAVIAIUTIUN 

On the hasis of the procedures anû results outlined in reference (1), 
this thests was originally intended to develop the exact conditions of 
biaxial stress anû temperature under which the normallv ductile behavior 
of mild steel became brittle. i.e., the steel showed abnormally low 
per cent elongation and failure stresses. and failed by the distinct- 
ive cleavage fracture. it was hoved ther@by to develop information 
as to the brittle behavior of ship's steel under coniitions of stress 
approximating those found in welded ship's structures. 

Test procedure was arranged to permit taking data on the three 
criteria of brittle behavior: ductility (per cent elongation), stresses 
at failure, and type of fracture. Failure temverst ure, of course, was 
included in data taken. 

It was further desired to verify the validity of the extension of 
the Hencky-von Misés theory of yielding to the failure of cylindrical 
specimens under conditions of biaxial stress, as mentioned in references 
(1) and (5). 

The first low temperature tests indicated that. es was suspected 
from research, brittle behavior of the specimens was not to be atteined 
at the temperatures attainable by use of solid CO.. It was therefore 
decided to mntinue testing at low temperatures in order 1) to 
ascertain the effect of temverature on the behavior of the specimens, 

2) to develop, if nossible, a means of predicting the failure of mild 


steel under conditions of biaxial stress. 





Procedure 

The procedure outlined in reference (1) was followed except 
as modified belcw. 

The specimens obtained were 2,275 inch outside diameter, nominal 
0.120 inch wall thickness mild steel seamless tubes 18 inches in 
length. 

The specimens were annealed prior to machining by heating to 
1650°F and held at that temperature for thirty minutes. Since the 
annealing furnace was not long enough to accomodate the entire 
epecimen, the specimen was then reversed and the same procedure as 
outlined above followed. The specimen wes then allowed to cool in 
the furnace. To avoid rapid cooling cf the end protruding from the 
furnace, an asbestos filled box was made to enclose this portian of 
the pipe and in effect, extend the length of the furnace. Pipes 
number 24, 33, 36,and 37 were not annealed. The annealing process 
forms a hard, black scale on the specimen. Machining is facilitated 
if this scale is chipped off prior to plackng the specimen in the 
lathe, 

The specimen wes then placed in the lathe using either a three 
jaw or four jaw chuck and aligned. A three of four inch section 
was then machined five inches from the free end of the pipe to form 
a surface for a steady rest. 

After securing the steady rest, the specimen was bored over the 
middle five inch length until a smooth, round surface was abtalned, 
The depth of cut wae noted so that it would be possible to obtain 
any desired wsll thickness in the test section. 

The steady rest was then removed and the outside of the specimen 


machined as shown in plate 52 , It was found that support was not 





needed at the free end of the specimen if light cuts (0.010* and 
below) were used. Due to the limited capacity of the hydraulic 

pump of the tert apparatus, the wall thickness of specimens was 

varied with the stress ratio desired. The wall thickness varied 

from 0.050" to 0.100%. 

After machining, the specimens were marked with two gage 
Lengths two inches long on opposite sides of the test section. 
The pipe was then measured to determine the outside diameter and 
wall thickness of the four inch test section. Six readings were 
made to determine the outside diameter: at each end and at the 
center of the four inch test section in planes 90 degrees apart. 
Twelve readings were made to determine the wall thickness: at 
each end and at the center of the test section in four locations 
spaced 90 degrees around the pipe. 

The latter measurements were made on a special micrometer 
built for this purpose and shown diagramatically in plate 51, 
The test circuit is to insure that the specimen's inner wall 
is contacting the center contact of the micrometer arm. The 
feeler completes the circuit when the switch is in the test 
position, 

The average outside diameter and wall thickness are used to 
obtain the average inside diameter of the test section. 

То decrease the time lag between tests, enü additional set of 
plugs, wedges, and pressure cups was made. The second set of plugs 
was made slightly larger in diameter than the original set since 
the varlation of inside diameter of the specimens was too wide to 


allow a tight fit using the original plugs. 





Plugs were forced into the specimens using the Tinius-Olsen 
tensile machine. This was done to make possible the assembly of 
one specimen while another was in the Baldwintimery machine being 
cooled, 

Before the specimen was mounted in the Peldwin-Emery machine, 
the collars were turned tight. This procedure is much easier than 
turning the collers tight after the specimen is in the tensile 
machine. 

Strain gages were not used in this ser ee since we 
were concerned with the aonditions at failure of the specimens. 

Tne refrigeration system was altered to reduge the length 
of ducting in an attempt to reach lower temperatures than those 
obtained — the original system. Towards this end, the specimen 
box was mounted directly to the outlet flange of the refrigerator 
box. The remaining ducting and the specimen box were wrapped with 
rock wool batting and a canvas covering. A baffle was fitted in 
each half of the specimen box to reduce the air space in the box. 
To obtafh the lowest temperatures («ЦО F and below) dry ice was 
placed in the specimen box after surrounding the specimen with 
wide mesh wire screen to prevent direct contact between the dry 
ice and the specimen. 

The capacity of the reservoir on the hydraulic pump wes in- 
creased by fastening a one quart can to the filling hole on the 
pump reservoir. It was then unnecessary to refill the pump 


during the conduct of a test. 





Results 

1% Plates 1 through 3À, Appendix I, set forth the data concerning 
the original dimensions, fracture conditions and final dimensions 
cf each specimen tested. Tests 8 and 24 were unsuccessful: the 
former beceuse of the failure of a collar, the latter beceuse 
after axial failure had occurred the tensile machine was inadver- 
tantly left on, and a second, circumferential, failure resulted, 
thus invalidating test results. True fracture stresses were de- 

termined after testing by measuring the outside diameter and wall 

thicknese of the specimen and using these dimensions and tensile 
and pressure load at failure, calculating Og, Of, and Oye 

de Plates 35 through 38, Appendix I, set fprth the comparative 
data for each specimen tested, excluding tests & and 24, The data 
4s arranged, it will be noted, according to stress ratio in order 
of decreasing failure temperature. 

8- Plate 39, Appendix I, is a plot of true fracture stresses 
for each test completed. Data from the reports of other exper- 
imenters are included , as noted on the plot. The broken line 
was derived from the average of fracture stresses at Ка l, 2, 2, 
and 4, excluding data from test 5 and the other experimenters. 

The solid line was derived from the average of fracture stresses 
at n - 1, 2, 3, and 4, excluding stresses for those specimens 

whose inside finish was not either smooth" or “fairly smooth", 

4, Plate 40, Appendix I, is a plot of true octahedral shear 
as at failure, including data from other experimenters. The 


broken line was derived by averaging T 's for n = 1, 2, 3, and Y, 





-— 


excluding the data taken from the results of other researchers. The 
solid line was similarly derived, or that only desta from specimens 
whose inside finish was "smooth" or "fairly smooth" were used. 

D. Plate 41 shows the spots of plot HO with symbols added to describe 
the inner finish of specimens noted in plates 25 through 18 ~ inferior 
to Tairly smooth", 

6. Plates 42:through 47, Appendix II, are plots of true fracture 
stresses according to feilure temperatures, upon which has been super- 
jmposed tne solid line of plate 39, аш быб as indicated in paragraph 
3 above. 

{. Plate 143, Appendix TI, combines three plots. The first of these is 
the solid line of plate 39 extended to the vertical axis, then reflected 
to cover that. part of the plot between n=O and й с1. The second line 
(broken) is the Henckv-Von Mises parabola for Та = 40,000psi, end the 
third line, &lsc broken, is & circular arc whose equation is Уба E 
1C5, O00 psi. 

5. Plate 49, Appendix TI, is the solid line of plate UO, upon which : 
has been supermiposed the straight line 75 «10,000 psi and the curved 


line corresponding to the circular arc Yd0.+%=105,000 psi in plate lg. 





Discussion of Results 
i Plates 39 and ЦО show plots of all tests conducted, together 
with results taken from the reports of other researchers. It will 
be noted that though the spots show & pronounced scatter, those 
which have been celculated from test results do not show more scatter 
than those taken from the literature, The scatter of voints can be 
attributed to several factors: the discussion that follows will 
elaborate on possible causes of the variation in failure stresses. 

The condition of restraint of the test section is & possible 
cause of varying results, Should the specimen be mounted eccentrical- 
ly in the tensile machine, bending of the specimen would result. 

Such & condition was possible in this series of tests since the test 
section was not always perfectly concentric with the ends of the 
Specimen because of its not being perfectly round as received. 

Another possible cause of bending is variation in wall ҚАТЕ 
ness around the circumference of the specimen. Such a variation 
would result in a non-uniform stress distribution and consequently 
bending of the specimen. 

That there was in fact little bending in the specimens is indicated 
by the fact that in no case did after-fracture measurements of gage 
marks on opposite sides of the test section differ appreciably. It 
is therefore concluded that there was insufficient bending in test 
Specimens to affect failure stresses materially. 

Stress concentrations resulting from abrupt changes in wall 
thickness can very definitely affect specimen behavior. In machining 
the specimens, an attempt was made to provide a transition wherever 
there was a change in wall thickness. In eight tests (1, 5, 7, 12, 13. 


22, 25. and 30) the specimen failed within one-quarter inch of a test 
section end. One might at first glance conclude that these failures 


& 





were the result of a stress concentration at the end of the test 
section. Close inspection of the initial dimensions of the test 
section of each specimen, however, revealed that in every case the 
location of the fracture was at the point of minimum wall thick- 
ness. In test number 7 there was & definite tool mark on the in- 
ner surface of the test section. It is felt that this discontin- 
uity caused the 55% cleavage fracture which occurred, apparently 
the only failure which resulted from a stress concentration. 

Another variable in testing was the surface finish of the 
specimens. In general the outer surfaces of the test sections 
were finished smooth, end showed little variation from specimen 
to specimen. The inner surfaces of the test sections, however, 
showed marked differences in finish, in spite of careful machining. 
The inner surface of each specimen had to be bored in order to in- 
sure a uniform wall thickness, but as a consequence of the shape of 
the tubing, the "blind" nature of the operation, and the limitations 
of the equipment available, it was impossible to insure a smooth in- 
side finish in manv caxes. Lecks0f internal grinding equipment made 
it difficult to eliminate the tool chatter marks which frequently re- 
sulted from the light finishing cuts, end in anv case it was extremely 
difficult to eliminate tool chatter once it began. 

As will be noted on plates 35 through 35, 14 specimens have in- 
ternal surfaces rated worse than "fairly smooth". Of these 14, only 
four points fall above the averege of all test points on pages 39 
and 40. This would indicate that the finish of a specimen as a first- 
order effect on its strength. For this reason two curves are shown on 


plates 39 and ЧО. The dashed curve is the average of all test points, 





whereas the solid curve is the average of all specimens having e 
"fairly smooth" or "smooth" inner surface. On nlate 40 both curves 
show the seme trend, a fact which shows that even the rough svecimens 
fail at progressively higher octrahedral shear stresses as FA increases. 
It is felt that the solid curve is the Dor accurate representation of 
the failure of cylindrical specimens of mild steel under the conditions 
of these tests. 

The temperature of fallure seems to have little or no effect on 
the failure of the specimens tested, either as regards per cent e o 
tion or failure stresses, This is evidently the result of the fact 
that the minimun temperature attainable with the refrigeration system 
operating with solid CO, is much above the transition temperature for 
mild steel tested under conditions of biaxial stress. The transition 
temperature for any testing procedure, of course, is a function of thet 
procedure as well as the properties of the material tested. 

It should be mentioned that the temperature of the specimen ws 
changing continuously during the test period, the change in tempera- 
ture from beginning to end of & test being in the neighborhood of ten 
degrees F. This was the result of the pumping of hydraulic oil at 
&tmospheric temperature into the specimen to maintain pressure ав the 
specimen yielded under test stresses. Tt was necessary undem these 
conditions to begin a test with the specimen at a temperature ten de- 
grees below that desired at failure, It is believed that this tempera- 
ture chenge had no effect beyond that of causing some difficulty in pre- 
dicting exact failure temperature as may be noted in plates %5 through 
ES. 

No variation in failure stresses results from verving wall thickness, 


as may be seen from plates 35 through 38. E. A. Davis, in reference (6) 


reports that there is no apparent size effect in his tests of specimens 


10 





of & type similar to that used in these tests. 

Only four specimens were not annealed in this series. Two of the 
specimens failed at stresses above the average of all teets and the re- 
maining two failed below this average. Althoigh insufficient tests were 
performed to allow e definite statement on the matter, the results of 
these four tests, together with those reported in reference (5), of 
which there were five, indicate that annealing does not greatly improve 
the failure properties of mild steel when tested under conditions of bi- 
axial stress and low temperature. As noted in reference (4) any residual 
stresses present in е Ее &t the beginning of a test are relieved 
by plastic flow long before failure occurs$;,since the main result of an- 
nealing, according to the same source, is, in the case of unwelded steel. 
stress relief, it is to be expected that unannealed specimens would be- 
have substantially the same as those which had been annealed, 

^ final factor reméins which materially affects failure stresces: 
that of differences in the steel of the specimens. During the process 
of machining, hard spots were often encountered in the walls of the tubing. 
These hard spots were 8n indication of non-uniformity in the specimens; 
it is rather unlikely thet specimens, machined from unselected, run-of- 
the-mill seamless steel tubing, would be uniform in either chemical com- 
position or microstructure. For this reason it is felt that the differ- 
ences of the specimens as regarás structur* and composition exercised a 
strong influence on failure stresses, and it is regretted that time did 
not permit a studv of tested specimens from the noint of view of their 
microstructure. 

It is not easy to ninpoint the exact reasons for the scatter in test 
results. but from the discussion above it ap,ears thet the nrimary reasons 


for this difference must be l).the differences of individual specimens in 
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structure and composition and 2) the quality of the finish of the inner 
surface of the test section of each specimen. The other factors men- 
tioned above seem to have had a second-order effect if anv at all on 
the behavior of specimens. All things considered, it is most en- 
couraging that test results comwared as well as they did with those 
attained by others who had more elaborate facilities at their disposal. 
D Three cleavage fractures were obtained. Test number 7, as noted 
above, showed a 55% cleavage fracture, which was apparently the result 
of a tool mark which measured 0.008" deep after failure. This tool 
mark constituted a stress raiser which, combined with the low temperature 
at failure, led to the distinctive cleavave fracture. The specimen in 
test number 22 failed with 60% cleavage. Tn this case there is no 
evidence of a tool mark, though the inner surface is noted as "rough", 
Probably the cleavage fracture is the result of three factors acting 
together: The chemical composition and microstructure of the material 
of the specimen, its inner finish, and the rapidity with which the rup- 
ture vropagated once it waw initiated. The fact that the specimen vas 
not annealed is not considered significant in the light of the behavior 
of the three remaining unannealed spetimens. It should be noted that 
test number б, conducted under like conditions of й and temperature, 
ended in shear failure; the inner finish in this case is noted as 
"fairly smooth". The same reasoning may be applied to the 5$ cleavage 
fracture of test number 6 as set forth for test 22: The specimen of 
test number 6 hada "fairly rough" inner surface. 
Tt is significant that all three specimens which failed with cleav- 
age fracture showed no appreciable reduction in either ner cent elonga- 


tion,or failure stresses: test 6 and 22 had failure stresses 
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above the averege, while the specimen in test 7 failed at stresses 
somewhat below the average. This illustrates the well-known fact that 
a material such as steel may fail in a mannner cheracteristic of 
brittle substances (cleavage fracture) while exhibiting normal ductile 
behavior prior to failure. 

De Tt will be 5 that true stresses at failure are used in 
plotting the spots of nlates 39 and 40, These stresses, computed as 
noted above in the Results Section, are commonly used as being the most 
accurate representation of the behavior of the specimen at the moment of 
rupture. As an inspection of "лађе HO will show, the true octahedral 
shear stress plot affords the clearest picture of the behavior of test 
specimens as n increases, and therefore, is the most significant nlot. 
On both vlates 39 and 40, the curves vessed through the average failure 
stresses are not extended beyond the stress ratios actually covered by 
these tests. Above the stress ratio of 4.5, of course, there is no in- 
formation available so far as the authors heve been able to ascertain, 
Tt is reasonable to suspect, however, that there is an inflection noint 
in the curve PTS in the vicinity of a =4,5. For stress ratios of less 
than 0.90 there are data available, but points are so few and scattered 
as to make plotting of the line of failure impossible. Tt is for this 
reason that nlate 40 has been plotted on a scale which allows so little 
space between the n=0 and zl abscissae. From the points plotted on 
plate 39 at stress ratios near zerd, however, it seems apparent that 
the steel is anisotropic, .for: the few points that are available show 
a marked reduction in the largest fracture stress when Oy, is larger than 
бу. The line of f&ilure, therefore, in the range O*nfl should ereatly 


differ from that in the range of testing lénf4.5. Confirmation of this 
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conclusion, of course, awaits further testing. 

Plate 40 clearly indicates that the Hencky-Von Mises (constant 
octahedral shear stress) theory of failure does not predict the be- 
havior of specimens at true stress ratios above about 2.0 Plate 39 
indicates that the maximum normal stress criterion also fails to pre- 
dict failure. References (1) end (5), on the basis of more limited 
testing, advanced the Hencky-Von Mises theory as adequately pre- 
dicting the failure of specimens of this type under conditions of bi- 
axial stress. 

4. Plate 4S is vlotted on the assumption that mild steel behaves 
isotropically. This assumption is subject to serious doubt as noted 
abort’ therefore the curves of plate lg are presented as a matter of 
interest only. It will be noted that the Hencky-Von Mises parabola 
does not conform at'all closely to the curve extrapolated from ex- 
perimental data. This situation is not unexpected from the plot of 
plate 39, of course. The circular arc, on the other hand, closely 
approximates the experimental curve; it may well be the curve of 
failure for steel tested as in tnis thesis, though only further test- 
ing will positively demonstrate this hypothesis. Certainly the circular 
arc shows good agreement in the area covered by testing. 

Plate 49 embodies the plots of TZ and ni which correspond to those 

of ©, and O; in plate 43, The same trends are shown as in plate 4g. 
Tt should be noted that the experimental curve of this plate is not the 
same as that in plate HO; it is believed that this difference is due to 
the fact that T is calculated from a quadratic equation while бл and 0% 
are taxen directly from test data, The difference in any case is less 


than h$. 
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М, Insofar as the mild steel cylindrical svecimen reproduces the 
stress distribution vresent in elements of a shiv's structure, 
results of these tests indicate that a combination of biaxial stress 
and low temperature-down to & temperature of -50 W-will not by itself 
result in brittle behavior. 

e. Tn the temperature range O^ to -50? TF, temperature by itself has 
no discernible effect on failure stresses, per cent elongation. or 
tvpe of failure. 

B. The Hencky-vonMises (constant octahedral shear stress) theory of 
vielding cannot be extended to include the fracture of mild steel 
cvlinders, especially at stress ratios above 2.0, 

Ч. True octahedral shear stress increases non-linearly with increase 
in true stress ratio. The curve which has the equation Уб + 02: 105,000 
psi closely approximates the results of To um 

22 Stress concentration, coupled with low temperature and biaxial 
stressing, may lead to cleavage fracture. 

6. Cleavage fracture may occur when steel shows normal failure stresses 
and per cent elongation; it is not by itself prima facie evidence of 
brittle behavior. Rrittle behavior is characterized by low ver cent 
elongation and abnormally small failure stresses in addition to 
cleavage fracture. 

М. Roughness of specimen finish has a first order effect om strength, 
causing a measurable decrease in "m which is.more pronounced &t higher 
values of n. 

Sl There is no appreciable size effect so far as specimen wall 


thickness is concerned. 
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©» Heat trestment apparently does not increase the ultimate strength 
of mild steel under the conditions of this type of testing. 

ТО. The normal shear fracture is to be exnected, in the ebsence of 
undue stress concentrations, in mild steel cylinders tested at stress 
ratios from 1 to 4, at temperatures down to -50 T, 

11, Regardless of the failure criterion edopted, it may be expected 
that run-of-the-mill mild steel will fail at stresses as much es 15% 
above or helow those predicted. as a fesult of variation in surface 


finish, chemical composition, and microstructure of the steel, 
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Recommendations 
I. It is felt that there is much work left to be done in the area 
of this thesis. The literature reveals that very few tests have been 
conducted with a view to determining the effect of biaxial stress on 
the failure of mild steel, particularly at higher stress ratios. 
E. Were the authors to continue their researches, the following 
changes would be made in procedure, providing time ad material 


available permitted: 


а. Specimens would be finished by grinding, especially 
internally. 
Die Low-temperature testing would be discontinued in 


favor of testing at room temperature. 

С. A high-capacity mechanical pumping system would 
replace the present manual system. 

й. Testing would vroceed at the higher stress ratios 
(5 >4) to amplify and confirm deta already gathered, so 
as to complete the locus of failures for stress ratios 
greater than 1l. 

e. Time permitting, the test setup would be modified 
to allow testing at stress ratios below 1, in order to 


obtain further information on the locus of feilures and 
the anisotropy of specimen material. | 
15 Personnel permitting, data on yield point would be 
taken in an attempt to verify current theories of yielding. 
This would involve the use of a clip type strain gage as 


explained in reference (4) or some type of mechanical 


strain gaging or photogrid. 


ғ «у 
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Failure Temp. °F -29,4 ба 109,000 —— pst 

R 31.5 T жо _ pei 

т ____ MA 2 aon pi 

Yn __ 49,200 pei 

REMARKS: | 


^ Lost oil pressure due to lack of oil supply. 


PLATE 3 





PIPE WO. 13 TEST NO. y AMBIENT TEMP 69,5. °F STRESS RATIO Ці 









AA 
Lave, rp | 2,637 | 2,561 _ 


i р a 
2° 
o=180” [P.803 | 2.803 [2.804 | 2.584 | 












me | me ы 
E duo | "DW | 
Eso |. 1000 | 
| 30150 | | 8000 — 
| | 33600 | | 9000 | 
| | 16155 | 12000 | 
| 49980 | 13000 — 
Ee - 1 — j 
е. 
ЕШ. 
ЕЕЕ. ч Е зы 
ЕС 9g >: 
GS E 
Б € 
BEES | з 
BEES cU Е 


» 


TEST RESULTS AT FAILURE 


% Reducticn in Area 17,6 a 76,400 psi 
ae 


$ Blongation St _ 18,50. үн 
Type Failure _Shear . Ор ___. 558 pa 
Failure Temp. °F 1.1 ба -42р50-- рві - 
n E. TC Ч pei 
К Ai — T b c БЫ 
m ___ 46,200 раї - 
REMARKS: | і 


PLATE 4 





PIPE NO. 12 TEST NO. 5 AMBIEN? TEMP 70 °Р 





DIMEN es 6 - ST 5 

a FINAL 
BFT | CENTER [RIGHT _ 

о" [0.056 [0.057 | 0.060 | 0.051 | 

e 90” [0.037 10.060 | 0.059 | 0.035 

180% [0,098 [0.060 | 0,060 | 0,037 | 

70° [0.057 [0.058 | 0.058 | 0.041 _ 

o.p, 0180” [2.806 [2.810 | 2.810 

>" gorezo” [2.805 [2.209 [2.809 | 2.909 — 







STRESS RATIO 1:) 


MY INITIAL | FINAL 
0.043 _ 











TEST RESULTS АТ FAILURE 


4 Reduction in Ares 24,2 Са 
$ Elongation 12,1 
Type Failure shear 
Failure Temp. °F -48 
n __15Е ____ 
E — E — 
REMARKS: 


A 


Pulled at n = 1 until pressure equaled 23,500 lbs and then 


increased tension to failure. 


Prater Є 












РІРЕ NO. 22 






ax 
FINAL 
E UU 


9.057 | 9.0671 0.083 
-Sir 5:0 0,043 | 
0B | 0.0871 0.007] S.0 ~ 


а 








^ 
p.p, (05180 
D gorago" [2-516 | 2.814 | 2.815] 2.109 | 





TEST DATA 


SION 
гэ 876 


200 
гу 
(0400 








"v. 


2150, 
АО 


0000 


С 
” 0٠ 
CA © 
> ә кө 


ы 
E 
5 
» 
i ПТН 


13000 


TEST RESULTS AT FAILURE 


% Reducticn in Aree ЗЕН ба 

$ Elongation 17.2 ot 
Type Failure Cleavage-She er 
Failure Temp. “Y -26. ба 

а 2,90 _____ 36 

T 5 5 
TE 

REMARKS: 






TEST NO. 6 AMBIENT TEMP 60 Ү 


Ave, tf | 0.066 | 0,043 | 
pt" Бий... ал ны 





NT INITIAL | PINAL 
grec vr 


STRESS RATIO, 33) 








PLATE 6 











PIPE MO. | 11 TEST NO. — ] AMBIENT TEMP 7Q F STRESS RATIO 1;:] 







ME мж 
E к 
ase | слива Гата. 


0.086 | 0.088 [0.025 | 0.069 | 
: ro 0,088 | 0.088 он 
160 9,086 | 0,039 10,058 | 


OO 





0- 180° 
о.р 
90-270” 





TZST DATA 





TEST RESULTS AT FAILURE 


$ Reduction in Aree 23,1 ба 

$ Elongation 25 et 
Type Failure Cleavage-3hear S 
Failure Temp. °F -25. За 

n po 8: at 

- — dio 5 8 

TE 

REMARKS: 











E" e INITIAL | PINAL 


u sg 
0.927 10.567 





Internal wall had a tool notch 0.008" in depth at 
the apparent commencement of the feilure. 


PLATE 7 





PIPE WO. 5 TEST NO. о AMBIENT TEMP 70 СҰ 










TEST DATA 


NSION re ^ 
= 











Шш — | зоо 
Ш 10 — | 6000 | 
ELEC Y 7000 __ 
| 31690 | 8000 

DS | 9000 __ 
TC 
A 1 
EM |... 
Нэг гт 
НИ | | | (П( | 
шо || 
ооо! 1 | 
БЕ. 
ШЕШЕ |: 
EN | $$ 
ӨГ | 9 
= i  . 


33800 | | 2090 | 


TEST RESULTS AT FAILURE 


% Reduction in Area. 21,8 


$ Elongation 30,3 
Type Failure Shear 
Failure Temp. °F -35.4 
n .10 
x 4,34 

REMARKS: 


DIMEN eir $ Y 3 Џ 
єє Lum A — FINAL 
MET | CENTER |AIGET | 
0,065 | 0,065 10.065 | 0.052 | 
(0,088 | 0,068 10.067 | 0,054 | 
1809 |0.065| 0.06: 10,065 | 0,058 . 
п» | о, 065 | 0,065 10,066. 
p DEBER 
D gap [9.193] 2.191 _ 








Sa 


ct 
IE 
За 
* 
T 
fn 


STRESS RATIO. іні 


A INITIAL FINAL 









PLATE 8 





PIPE NO. 20 TEST NO. 10 AMBIENT TEMP 6] Y STRESS RATIO 1:1 





BE 4 INITIAL | FINAL 


Tare. 1p | 2.210 
co 120 za 


0.808 






19 [0.094 | 
о.р. 9-180 [2.800 
D» goreqot [2.500 [2.800 





TEST DATA 


















NSION |EYD. PRESS 
NE | 5000 — 
233900 | $6000 | 
| 35090 | | 9000 | 
__ 20550 | 13000 | 
ЭГ ||... 
—— j 
EMEN 0 10 L 1— 
EN | | 
EMEN | | 
—— | сЕ 
EN | 1 1 nO 
Eu | 101 | 
SS I | 


BREAK LATA 


TEST RESULTS AT FAILURE 


% Reduction in Aree 22,5 ба 10.100 pei 

% Elongation 24,0 ої 11,310 рві 
Type Failure Shear T AIl __ pei 
Failure Temp. °F -11,2 ба 103,800 рві 

n «04 ЕЙ; — opamO0 рві 

E | 4.55 a O и! 

ТА 44,300 pel 

REMARKS: 


PLATE G 





PIPX NO. 16 TEST NO. 1l AMBIENT ТЕМР ба _ Y STRESS RATIO 2:] 









г ТРСТ 
E lc) "e 


М В М а 
o” [0.07% | 9.075 | 0.073 | 0.060 
[0.072 1 0.073 | 0.073 | 0.065 | 
0.075 [ 0.074 


к л INITIAL | FINAL 


Ars, ın | 2.656 | 2,641 | 
[He | | og o 


0.634 0.526 










TEST DATA 







ENSION HYD, PRESS 

BE | . 
w 
ш | - 
шш у — 
EL. 

BREAK LATA 

31800 21000 





TEST RESULTS AT FAILURE 


$ Reduction in Area 1 [ ба — 11,300 __ pei 

$ Elongation 16,5 St 36,600 pet 
Type Failure Shear w a sm 
Failure Temp. °F -28 Sa 93,000 pal 

с 7 б; 

п 2,11 + .44443,100--П ра 

x 2M ТЕ pal 

8 ӘБ ___ ии 

REMARKS: 


PLATE 10 








PIPE ХО. 2} TEST NO. le AMBIENT TEMP 70 °F STRESS RATIO Ці] 






Б 5 INITIAL | PINAL 
bus ID 


: —2+812 5.538. 
Are. t$ | 0.088 | 0.068 
фи 
0.705 | 0.548] 
2517) 


creo [2.783 1 2.193 12.153 [2.65 — 





TEST DATA 

ENSION | HYD. PRe 
Sete 
ке | 5 
Е 240 __ 
NER | 


27120 


36760 | 
38600 Jus 


12000 















@ 
Slo 
Ооо 
ОО 


12000 


TEST RESULTS AT FAILURE 


$ Reduction in Aree 26,5 OR 0701250 ______ pei 

$ Elongation 15,6 ү Ang اق‎ 
Type Failure Shear Үр ЗРАДИ фай 
Failure Temp. “Y -50,6 За 97,900 рз! 

n A “6 21,д00 ра 

z E р, me рт 

Үс О, АОС _ рві 

REMARKS: 


PLATE 11 





PIPE NO. 10 TEST NO. 13 AMBIENT TEMP ]2 T STRESS RATIO 3:1 









FINAL 


[9.675 | 0-0 

б.б Пост о 
о: [0.0851 0,079 10.075 10.060 — 
~ о 
>> егіс 





















TEST DATA 


NSION EYD. ps 
lbs lb: 
[ APO 00 






— 5000 — 
по 600 
1000 
YOO 


TEST RESULTS AT FAILURE 


% Reducticn in Aree -- Са 
$ Elongation 15,6 6t 
Type Failure Shear % 
Failure Temp. °F 23.0 За 

n 2 d 

É X T 
ТЕ 


REMARK S$: 


mn... INITIAL | FINAL 


27:06 D лена a 
ا‎ 









PLATE 12 





PIPE NO. | 19 TEST NO. — 1h AMBIENT TEMP 15 °F STRESS RATIO 21] 








is 0 у 
Е аа ru 
LEFT BIGHT | 


Er un 
578] 0.076 [0.076 | 0.06% __ 
11| 0-011 [0.077 


гарт INITIAL FINAL 




















0.077] 0.066 | luks loo —]| 0.062 ^ 
igo? | DO] 0.0[{_|0.0/[| O.,Q61 — 124. | 2.0 | 2.5} 
205 | 0-077 | 0.076 0.077 | 0.061 — L [66] [0 

oo oigo 12.7981 2.799 12.798 

De его 





TEST DATA 
ENSION EYD. PRESS 
lts lbs 





5 


> 


2122 
22860 


a MIMIN 
SIS BIDE IES BIE 
сп p С 
O «о e СУ 





№ | ЈА н سی ا‎ Imp [o pm [m 
N |+ “CD LO O an d ГО! 
ЗЭВ 8 858882 8В 
о ое & les lea [eS ies 3 


7 
> 


TEST RESULTS AT FAILURE 


% Reducticn in Area. 19,2 Sa __ 76.200 et 

$ Elongation 25.5 St 36,000 сөд! 
Type Failure Shear го b20 етш 
Failure Temp. СҰ -28,2 Sa 92,600 psi 

n 2.09 "ЕНИ ж ШИШ р*1 

е E ғы ого. 1.20... u 

T. | — $8,900 __ pei 

REMARKS: 


PlATE 13 





PIPE NO, 9 TEST Н0. 15 AMBIENT TEMP уц °F STRESS RATIO 2:1 

















FINAL 
LEFT | 
[Jaw rin | 2.660 ШООЛОН 
gor [0.067 | a | КИЛЕН 
i8 
:70 
2. зір 
TEST DATA 
ENSION EYD. PREISS 
1588. lbs 
__ 154090 | | 9000 | 
| 16000 — 





16000 

29220 
| 30935 | 18000 
— |... 
ни |... 
нт 1 1 | | 
O f 
ы — | | 
— | | | 
НЭГ | | 
ш —  — 

BREAK LATA 

31250 | 18000 | 


TEST RESULTS AT FAILURE 


£ Reducticn in Aree 18.6 
& 


ә 
Y 
= 


Elongation 17.9 E ЖЛЕП psi 
Tvpe Faílure Shear Er Дель с 2. ра 
Failure Tezp. 'F -18,1 ба 2,700 psi 
п 2 8 + __ц1,000 psi 
= Р 
X 2.05 = A о 
TE 34,000 pei 
REMARKS: 


PLATE 14 





PIPE NO. 1 TEST NO. 16 AMBIENT TEMP 74 °F 










А ——_— FINAL 







-5.1221 8,122... 


8 
0-180” 
0,0. o ө 
90=270 






TEST DATA 













ENSION 255 
|. 10200 | $9000 &— 
[—21615 12000” 
25835 — | 16000 — 
zoho 10--- 
йв — | 18000 — 
[136055 | 20000 | 
w — 
EM | з 
ш | 
EE у 
то — 
BM 7 — 

BREAK LATA 
37000 [20000 | 


TEST RESULTS AT FAILURE 


% Reduction in Aree 17.6 ба 

% Elongation 2021 et 
Type Failure Shear dis 
Failure Temp. °F bO Sa 

n 2l ___ 5% 

: — — 5 

ТА 

REMARKS: 


ту INITIAL | FINAL 
| ёс 11255 22002 





STRESS RATIO  2:] 






PLATE 15 





PIPE NO. 15 TEST NO. 17 AMBIENT TEMP 70 °F STRESS RATIO  1:] 





ШО сес Ты да 
б 90-2707:|2.811| 2.811 














TEST DATA 

ENSION | HYD. PRESS 
16970 | Щщ _ 
| 1980 — | 5000 | 
23930 | бо. 
Г 2050 | 7000 | 
[ 3970 | 800 || 
36020 | 9000 — 
39870 | 10000 
нэ? | | 
= 2 
Шин: | заш 
Нэт e 
Eum 1 1 
En 1-1 | 
БЖС. 
BM | с 
НӨ  — | |— 
NE |  ]á— 
нэ | | 

| 80000 | 


TEST RESULTS AT FAILURE 


$ Reduction in Arez 25.8 ба 


_ 69,50 pei 

$ Elongation "NU cR 9t oO рві 
Туре Fallure «дел. Ор E o psi i 

Failure Temp. СҰ -5.7 Sa __ 93,000 ___ psi 

n MESS t 21,000 рві 

Ж ___ че __ SE — аб ___ psi 

m | 395400 ___ pesi 


REMARKS: 


PLATE 16 


un 





PIPX NO. 11 





E БЕ 


3 RIGHT | 
0.078 |0.079 | 0,061 | 
0,077 10.078 | 0.099 | 
(0,071 10,078 10,019 | 0,059 . 
[0.078 | 0.078 _ [0.020 | 0.059 | 
12.808 | 2,209 12.509 | 2.724 | 







ENSION | HIL. PIES 





TEST RESULTS AT FAILURE 


% Reduction in Aree 26.2 

$ Elongation 20,73 
Tvpe Failure shear 
Failure Temp. "Ї 23,7 . 
n 3.08 
қ AREE _ 


REMARKS: 


TEST NO. l& AMBIZNT TEMP 70 TY 


РАИ А A 








E 2 INITIAL | FINAL 


7% (|ш0 0898 9 
Arep | 0.669 [0,404 | 









| 
к 
e 
О 


ра1 
pel 
pri 
...96,200 рві 
___ 30,000 J —. psi 
~ ___ 
39,90 


| 


psi 
О рві 


РІАТЕ 17 


STRESS RATIO цал 










PIPE NO. 6 TEST NO. 19 AMBIENT TEMP 70 °F STRESS RATIO. ke} 








ІЫ = 44— FINAL | 
LLEPT | 


Pn | CANTER | Rice 
0.084] 0,083 10.083 | 
0.083] 0.083 | 0.08% | 0.059 | 
op. 0180” 
12-57 













FEST LATA 
NSION EYL. PRESS TIME mv ТЕУР 

|o pm 
|. 15890. | 4000. | 0.1 0 2 ша | 
[— 19880 | 5000 . ЕСЛЕНЕГ ІІ ue 
21860 | [000  — 

REO 12000 —— 

E | 

En | 

En | 1 

ER | 

Een | — 

-- | — 

Шы | — 

EARS | ^ 

En | 


TEST RESULTS AT FAILURE 


$ Reduction іп Aree „2 ба 

% Elongstion 36.0 Ct 
Type Failure hear xis 
Failure Temp. “Y 3,1 ба 

n 4.1 = 

n „А T 

| Тп 

REMARKS: 





т INITIAL | FINAL 


| Ауе. 1.0 | 2.650 __| 2.508 

| Дуб. 5 | 0.083 __| 0.056 

и. [20 . ЭГЕ 
LO. 11 0.475 


Агер 














ш.. 11000. дад 
ыр” pai 
115.900 psi 

2 ,250 psi 

gu psi 

18,900 pei 


PLATE 18 





PIPE NO. 23 TEST NO, 20 AMBIENT TEMP 66 Y STRESS RATIO 2:1 








FINAL 





E 2 INITIAL FINAL 


ars. ın | 2.669 | |2.691 | 
Lave, § | 0.067 10.050 | 
e |207 ET 
Жы 150.575 (05855 









PENSION EYD., PRESS 
lbs lts 
10000 





1200 





13000 


TEST RESULTS AT FAILURE 


% Reducticn in Ares 24,4 Sa 21 8 00 эн 

% Elongation 14.8 ЈЕ o 38.550 _ pa 
Tyve Failure Shear Eee: _ ii 
Failure Temp. °F -1.0 “a 9900 . pst 

n 2,07 "ро —HRETOO- — 288 

я 2.01 Sr ______Б15 __. тим 

fn ____38,400 __ pel 

REMARKS: 


PLATE 19 











РІРЕ КО. ] 










О, D. C- 150 


TEST DATA 
ENSION HYD. PRESS 
e ibe 











15780 | 000 — 

21060 
oe 
ae ro — 
бы р 
= | — 
EM | _ 
EM | — 
Sg 
EM | — 
E 1 — 
BE | З 

BREAK САТА 
41000 15000 





TEST RESULTS AT FAILURE 


% Reduction in Aree. 20.0 


% Elongation 
Туре Failure 
Failure Temp. °F 
n 
f 


REMARKS: 


TEST NO 


10.077 | 0.07€ 
2. 
2. eta 237 
052107 





. 2 


AMBIENT TEMP 65 °F 


FINAL 














STRESS RATIO. 3:1 


INITIAL FINAL 





ба [5,600 ___ 221 

20. ба 25 , 500 pai 

Shear on [30 pe! 
«31.5 За » 200 ра! 

с цг St 21,900 — psi 
Шинэ... E OTT cm psi 
1 ___50,500 ры 


PLATE 20 











TEST LATA 


ENSION RYE. PR#SS 
lise Е 










lb 
_ 11730 | | | [900 | 
| 18860 | | 9000 | 
[16305 — | 10000 | 







Ф 
21280 | | | 11000 ___ 


Et C. 
рана 15000 
| 25725. | 16000 
e 

| 28860 | 

| у “=== 
EN | 1 | 
БЕ | 1 ] , 
нт | 1] 
БЕ | 3h . 
ENS — | — . 


BREAK LATA 





20000 





TEST RESULTS AT FAILURE 


STRESS RATIO 211 


INITIAL FINAL 


0. 062 0. 050 










$ Reducticn in Aree 19,3 


Ф Eiongstion 
Туре Failure 
Failure Temp. °F 
п 
ћ 


REMARKS: 


Speciren not 


14,2 
__Shear-Cleavsge 
-42,3 
ШЕШЕК” 0222 705 
c mu се 


annealed 


Са 


ot 
ED 
Sa 
Ы: 
= 
TE 


PLATE 21 





PIPE NO. 26 | TEST NO. 23 AMBIENT TEMP 68 °F STRESS RATIO | 1-1 





FINAL 










0.047 — 
| j.120* | 


120* 





суттєво атонт | 
[ 0.056 | | дує, з | 0.053 [0.086 
0.053 0.04 10.053 1 007 | (2252 | 2,0 аш 
Mats 


TEST LATA 















ENSION EYDOSBEESS 
| 
ы 5940 | | 12000 | 
77715006 | 13000” 
[ 8590 | 15000 - 
[ 12050 —| 21000 — 
— у 5с 
E —— 
E 1| .— 
— | o 
EB | O 

ANAK LATA 

c 


TEST RESULTS AT FAILURE 


% Reduction in Arse 95 Og _ 60,400 181 

$ Eionestion 12,5 er DO el 
Type Failure ___5 ћевг ___ dw 1,140 жш 
Failure Temp. °F -2.2 ба 100 zei 

Á : 1.05 nt 74,500 рві 

4 ИНЕ) 77 T 1210 - way 

n 32,800 psi 

REMARKS: 


* Diameter obtained from girth of specimen after failure, 


PLATE 22 





PIPE NO, 25 





TEST ГАТА 





TEST NO. 


Ми 


AMBIENT TEMP 10 РБ 


FINAL 













хе INITIAL | FINAL 


w 


0 (р | 
Агер | 0.392 | - | 


SRESS HATIO 21111 













TENS] ON НҮ}. PEZSS TIME mv "EVP 
nn 12000 _ | | D | 0 D 
| soo | цоо | | 80 Chao d .— 
| ая20 | 15000 | 1:75. ӘЗ | 
ото | 16000 | | 00: Oe 
BE ESL. 
cae | oP 
0 ОГЧ 
ENDE, | 21000 | ERE 
к... | | 
нт 1 ______ 
з 
BEN — 24 c——— | 
БЕ, ie | 

BREAK LATA 


TEST RESULTS AT FAILURE 


5 Eecucticn in Aree = Sa _ 60,2900 ___ реј 
% Elongation з eto 5 вон __ a 
Tvpe Failure Shear се AO n pei 
Failure Temp. °F -20 ба 2 psi 

n 1.05 ЖЗ“ 

E - m RI pur cem + 
E - ре! 


REMARKS: 
Specimen broke in tension alone after initial fracture 
since load was not removed after initinl fracture. Final 


Cimensions are therefore not accurate and age not given. 


PLATE 27 





PIPE NO. 28 TEST NO. 25 AMBIENT TEMP 68 °F STRESS RATIO 2:1 













Iib a INITIAL | FINAL 


D BT з 





A + 


22500 


TEST RESULTS AT FAILURE 


% Reduction in Aree 10,4 ба... 61,400. psi 

5 Elongation 10,9 Ct 33,400 рві 
Tvpe Failure Sheer Р Sr 1 21о рві 
Pailure Temp. °F -37.0 ба 15,200 psi 

n 2202 t __ 37,600 рві 

К КЕБЕ“ = Sr x. CORO psi 

fn 29,600 рві 

REMARKS: 


PLATE 2% 





РЇРК NO. 21 TEST NO. 26 AMBIENT ТЕМР 70 °F STRESS RATIO ха1 


FINAL 





TEMP 





22 





8000 


Q^ 
о 
© 
O 





tt 
р 

1 
ы 
—3 
» 


AJ 


22250 


TEST RESULTS AT FAILURE 


$ Reduction in Aree. 16,95 ба 62,400 vel 

$ Elongativn 20.3 x 20,600 zel 
Type Failure Shear de 190 pe! 
Failure Temp. °F “1.2 Sa [5,300 psi 

n 3.02 m ___ 2320 ри 

" 3,2 T 2390... pti 

m | 30,90 ре 

REMARKS: 


Specimen bulged near left end while inserting plmgs but the 


fed lure appeared to be normal. 


PLATE 25 





PIPE NO. 29 TEST NO. 21 AMBIENT TEMP 61 F STRESS RATIO 1:1 









ТАЙ ЕС, 0.038 
r i 
“0.1084” 





TEST RESULTS AT FAILURE 


$ Reducticn in Aree 8.8 бй ___ бк, О _ pgi 

% Eiongation De vto ___ 55.008 __ 281 
Tvpe Failure "hear d. жоо _ рві 
Failure Temp. °F =й, За 81,090 pet 

n E e рві 

је НИ: с е = کے‎ O0 pei 

n 1,550 ___ реј 

REMARKS: 


Қ Diameter obtaned from girth of epecimen after failure. 


PLATE 26 





PIPE NO. 30 TEST НО. 28 AMBIENT TEMP 69 °F STRESS RATIO 1:1 





“ ү E 
AA -. 


CENTER [ант | 
U 


2.8 
se. $ | 0.055 0.05 
EE —| 5. A 


Areg 0,462 0.465 










TEST CATA 
















ANSION ETD. Press MEN Pp 

1586 lbs 
MEE | 12000 _ | 
| 8430 | 15000 | 
| 10650 | 19000 | 
21000 
22000 
| 15200 | 21000 | 
| 14050 | 25000 | 
NE | | 
BEEN |. | 
21000 





TEST RESULTS AT FAILURE 


$ Reducticn in Aree 0,0 64,600  — pei 
% Elongation 6.2 JO et 
Type Failure Shear 220 0210 ам 


Failure Temp. °F „21, 
n = 
"n 


REMARKS: 


psi 
__ 74,000 . рві 
er o O pri 

3.3900 . рві 


AA „А اھ‎ 
| 
о 


Diameter obtelned from girth of specimen after failure. 


PLATE 27 





РІРЕ NO. 1 тезі 10. 29 AMBIENT TEMP 67 ^Y STRESS RATIO 211 









ENSION 
2 5 


EYD. PRESS 













ства 





TAST RESULTS AT FAILURE 


5 Reduction in Aree 21.6 ба 65,900 vel 

$ Elongation 21432 ae 12,200 sel 
Type Failure Shear Zt 630 ркі 
Failure Temp. °F 850.0 ба 82,800 pst 

n 1,98 t ____32700 pei 

5 1.96 F A. TERROR ові 

ihe 44000 psi 

REMARKS: 


PLATE 28 





PIPX NO, 3? TEST NO. 30 AMBIENT TEMP 70 СҰ STRESS RATIO, 11] 


















90 (9.905 | 0.064 | 0.066 | Ave, t | 0.064 | 0,054 | 
109 (0:054 | 0.064 | 0.064] 0.055 — : 
5 | 0.064 | 0.0601 0.051 | 


о“ |0.0649 > 
Bn 0-120? Са 190 2. 682 
e dJa 70" ~ =. (93 сь EE 2. 125 
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TEST RESULTS АТ FAILURE 


5 Reduction in Aree 15,2 


ба 
$ Elongation 14,8 2 --248-- psi 
Type Failure Shear 2 س‎ pei 
Failure Temp. °F 0,0 ба 84,800 рз! 
n — BOTES 2t ENETO pet 
т 3,15 ar ق‎ psi 
n 32, 400 . pei 

REMARKS: 
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PIPE NC. 33 TEST NO. 3l AMELENT TEMP 15 OF S.MESS SATIO | 121 





Ут. ч A ои от реч - «> vL v wp = 
iu. T Ie Sij. E FA 144222. 
A el 


Е Зебост, на in Arte [Л] 9n 66,500 „ej 
6 Elenertica It б 64,100  — pel 
Тийн Failure shear er 1,538. ge 
ГЕЈЕ ге „ер, ?Y -35.1 ^B 82,000 Lr! 

ч Ник > с Ж Дш RE __ 9e,ho0 __ rei 

¥ 0.287 T O 781 
ТЕ 0,900 pol 





REMAKE 2: 
? Diameter obtdned feom girth pf specimen after failure. 


Specimen was not annealed, 
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PIPE NO, 1l TEST NO. 12 AMBIENT TEMP 71 "F STRESS RATIO 19 
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0.058 10.055 [0.055 — 

04059 102056 10.058 ФАУУЫ | 
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Гагеа | 0.ME [0.590 . 
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TEST RESULTS AT FAILURE 


$ Reduction in Aree 0,0 ба psi 
4 Ziongation 229 | 59900 —— рві 
Туре Failure Shear — — 1.310... pei 
Failure Temp. °F -16.3 р81 


n 140 


NITO 
ON 
SIS EIS 


pgi 
қ ED Е ____-Њ ув 
— 10,000 .. pei 
КЕМАКК 5: 


* Diameter obtained from girth of specimen after failure. 


PLATE 21 





PIPE NO. 35 TEST NO. 33 AMBIENT TEMP 74 °F STRESS RATIO 3:1 
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0 1 . 
IXITIALD |. .] — FINAL мет INITIAL FINAL 
ШОРТ 


0.055 [0.054 | 0.037 |] [are ın | 2.63 | 2,578 
0.055 10.050 10.099 | [aye t | 0.055 | 0.0385 
[0.056| 0.055 [0.098 10.08 | [In | 2.0 — 


22 | 0.056] 0.055 10,054 | 0.041 | 
uso [2.88 2.05 2. qur | 2.52 — 
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TEST RESULTS AT FAILURE 


% Reduction in Ares _ 32 Sa 222100... psi 

$ Elongation 24,2 ot __ 24,450 — | pei 
Tyve Failure «лем. ОГ к о psi 
Failure Temp. °F -2.6 Sa __106,300 рві 

n 2,93 "tg ap —— psi 

n Eo. ONES 7 O De 
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PIPE NO, 36 TEST NO. _ 35 AMBIENT TEMP 10 °F STRESS RATIO 311 













| 20920 | 
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» [0.068 | 0.064 10.065 | 0.056 — | 0.531 | 0.565 | 
0-180° |2.131 | 2.131 [2.738 | 2.702 | 
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TEST RESULTS AT FAILURE 


% Reduction іп Area. 13, ба [24,000 psi 

$ Elongation 23 lj SE — 25,700 рві 
Type Failure Shears is 631 psi 
Failure Temp. Т -11,£ ба 82,800 p81 

n Que  — mer 724,200: 2 pei 

Н 2,23 | T ol m 

m 32,100 . pel 
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* Specimen did not fail et thie point. 


Specimez was unannealed, 


a 


PLATE 33 





PIPE NO. 31 TEST NO. 35 AMBIENT TEMP 10 °F 
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TEST RESULTS AT FAILURE 


% Reduction in Area. 
$ Elongation 
Type Failure 
Failure Temp. СҰ 
n 
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REMARKS: 
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Эресїтер was unannealed. 
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TYPICAL SPECIMEN 





Note: OD. & LD. of 4" Test 
Section depend on wall 
Not to scale thickness desired. 
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